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This information is provided as a guide to project planning, and is not a substitute 
for site-specific surveys. Such surveys may be needed to assess species' presence 
or absence, as well as the extent of project effects on listed species and/or 
designated critical habitat. 

The following table lists those federally-listed species known to be present in the county.
 
Code Key: E = Endangered, T = Threatened, CH = Critical Habitat Designated, C=Candidate Note 1
 

Category Species Common Name Species Scientific Name Code 

Mammals 
West Indian (Florida) Manatee Trichechus manatus latirostris E/CH 

Southeastern Beach Mouse Peromyscus polionotus nineiventris T 

Birds 

Audubon's Crested Caracara Polyborus plancus audubinii T 

Florida Scrub-jay Aphelocoma coeruluscens T 

Piping Plover Charadrius melodus T 

Wood Stork Mycteria americana E 

Red-cockaded Woodpecker Picoides borealis E 

Fish None 

Reptiles 

Atlantic Salt Marsh Snake Nerodia clarkii (=fasciata)taeniata T 

Eastern Indigo Snake Dymarchon corais couperi T 

Green Sea Turtle Chelonia mydas E 

Hawksbill Sea Turtle Eremochelys imbricata E 

Leatherback Sea Turtle Dermochelys coriacea E 

Kemp's ridley Sea Turtle Lepidochelys kempii E 

Loggerhead Sea Turtle Caretta caretta T 

Gopher Tortoise Gopherus polyphemus C 

Amphibians None 

Mollusks None 

Crustaceans None 

Plants Carter's Mustard Warea carteri E 

Home Species: North Florida County Species: South Florida County Species: Panhandle 

County 

For a list of State species by county use the Florida Natural Areas Inventory's Tracking Lists at 

http://www.fnai.org/trackinglist.cfm 

For State listed species details, please go to http://myfwc.com/imperiledspecies// 

Note 1. Candidate species receive no statutory protection under the ESA. The FWS encourages 

cooperative conservation efforts for these species because they are, by definition, species that may 

warrant future protection under the ESA. 

NOTE: Bald eagles were removed from the endangered species list in June 2007 because their 

populations recovered sufficiently. However, the protections under the Bald and Golden Eagle Act 

(Eagle Act) continue to apply. Please see the eagle information on our Landowner Tools page or our 

national website at http://www fws gov/migratorybirds/baldeagle htm for information regarding new 

permit 
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FNAI  Tracking  List 

   

     

       

 

                                     

                                 

                           

BREVARD COUNTY 
101 Total Elements Found 
Last Updated: January 2019 

SEARCH RESULTS 

NOTE: This is not a comprehensive list of all species and natural communities occurring in the location searched. Only 
elements documented in the FNAI database are included and occurrences of natural communities are excluded. Please see 
FNAI Land Cover information or Reference Natural Community map for more information on communities. 

     Plants and Lichens 

Scientific  Name 

 Calamovilfa curtissii 

Common  Name 

Curtiss'  sandgrass 

Global 
Rank 
G3 

State 
Rank 
S3 

Federal 
Status 

State 
Status

T 

 Centrosema arenicola sand   butterfly pea G2Q S2 E 

 Chamaesyce cumulicola  sand‐dune spurge G2 S2 E 

 Coelorachis tuberculosa  Piedmont jointgrass G3 S3 T 

 Conradina grandiflora  large‐flowered rosemary G3 S3 T 

Dennstaedtia  bipinnata  hay  scented fern G4 S1 E 

 Dicerandra thinicola Titusville  balm G1Q S1 E 

 Glandularia maritima  coastal vervain G3 S3 E 

 Glandularia tampensis  Tampa vervain G2 S2 E 

 Halophila johnsonii  Johnson's seagrass G2Q S2 T E 

Harrisia  simpsonii  Simpson's  prickly apple G2 S2 N 

 Heliotropium gnaphalodes sea  rosemary G4 S3 E 

 Lantana  depressa  var. floridana  Atlantic  Coast  Florida lantana G2T1 S1 E 

 Lechea cernua nodding  pinweed G3 S3 T 

 Lechea divaricata  pine pinweed G2 S2 E 

 Lindera subcoriacea  bog spicebush G3 S1 E 

 Monotropsis reynoldsiae  pygmy pipes G1 S1 E 

 Nemastylis floridana  celestial lily G2 S2 E 

 Nolina atopocarpa  Florida beargrass G3 S3 T 



Scientific  Name  Common Name 
Global 
Rank 

State 
Rank 

Federal 
Status 

State 
Status 

Ophioglossum  palmatum  hand fern G4 S2 E 

 Pavonia spinifex  yellow hibiscus G4G5 S2 N 

 Peperomia humilis  terrestrial peperomia G5 S2 E 

 Peperomia obtusifolia  blunt‐leaved peperomia G5 S2 E 

 Pteroglossaspis ecristata giant  orchid G2G3 S2 T 

 Schwalbea americana chaffseed G2 S1 E E 

 Tephrosia  angustissima  var. curtissii  coastal hoary‐pea G1T1 S1 E 

 Warea carteri  Carter's warea G3 S3 E E 

 Zephyranthes simpsonii  redmargin zephyrlily G2G3 S2S3 T 

 Clams  and  Mussels 

Scientific  Name  Common Name 
Global 
Rank 

State 
Rank 

Federal 
Status 

State 
Status

 Elliptio monroensis  St.  Johns Elephantear G1G2 S1S2 N
 

Villosa  amygdala  Florida Rainbow G3 S3 N
 

 Snails  and  Allies 

Scientific  Name  Common Name 
Global 
Rank 

State 
Rank 

Federal 
Status 

State 
Status

 Praticolella bakeri  Ridge Scrubsnail G2G3 S2S3 N 

 Grasshoppers  and  Allies 

Scientific  Name  Common Name 
Global 
Rank 

State 
Rank 

Federal 
Status 

State 
Status

 Melanoplus indicifer  East  Coast  Scrub Grasshopper G1 S1 N 

 Beetles 

 Scientific Name 

 Aethecerinus hornii 

 Common Name 

 Horn's  Aethecerinus  Long‐Horned Beetle 

Global 
Rank 
G2 

State 
Rank 
S2 

Federal 
Status 

State 
Status 
N 

 Aphodius aegrotus  Small  Pocket  Gopher  Aphodius Beetle G3G4 S3? N 

 Aphodius laevigatus  Large  Pocket  Gopher  Aphodius Beetle G3G4 S3? N 

 Ataenius wenzelii  An  Ataenius Beetle G3G5 S2S3 N 



Scientific  Name  Common Name 
Global 
Rank 

State 
Rank 

Federal 
Status 

State 
Status

Diplotaxis  rufa  Red  Diplotaxis Beetle G2G3 S2S3 N 

 Haroldiataenius saramari  Sand  Pine  Scrub  Ataenius Beetle G3G4 S3S4 N

 Hypotrichia spissipes  Florida Hypotrichia   Scarab Beetle G3G4 S3S4 N 

 Peltotrupes profundus  Florida  Deepdigger  Scarab Beetle G3 S3 N

 Phyllophaga elizoria  Elizoria  June Beetle G2 S2 N 

 Phyllophaga elongata Elongate   June Beetle G3 S3 N 

 Selonodon floridensis  Florida  Cebrionid Beetle G2G4 S2S4 N 

 Serica tantula  Little  Silky  June Beetle G1? S1? N 

     Butterflies and Moths 

Scientific  Name 

 Callophrys  gryneus sweadneri 

Common  Name 

 Florida  Olive Hairstreak 

Global 
Rank 
G5T2 

State 
Rank 
S2 

Federal 
Status 

State 
Status

N 

 Euphyes  dukesi calhouni  Calhoun's Skipper G3T1 S1 N 

 Idia gopheri  Gopher  Tortoise  Noctuid Moth G2G3 S2S3 N 

 Polites origenes  Crossline Skipper G4G5 S3 N 

       Ants, Bees, and Wasps 

Scientific  Name  Common Name 
Global 
Rank 

State 
Rank 

Federal 
Status 

State 
Status 

 Bombus fraternus  Southern Plains   Bumble Bee G2G4 S1S2 N 

 Colletes titusensis  A  Cellophane bee G1G2 S1S2 N 

 Fishes 

Scientific  Name 

 Acipenser  oxyrinchus oxyrinchus 

 Common Name 

 Atlantic Sturgeon 

Global 
Rank 
G3T3 

State 
Rank 
S1 

Federal 
Status 
E

State 
Status 
 FE  

 Bairdiella sanctaeluciae  Striped Croaker G5 S2 SC N 

 Ctenogobius pseudofasciatus  Slashcheek Goby G3G5 S1 N 

 Gobiomorus dormitor  Bigmouth Sleeper G4 S2 N 



 Scientific Name  Common Name 
Global 
Rank 

State 
Rank 

Federal 
Status 

State 
Status

 Microphis brachyurus  Opossum Pipefish G4G5 S2 SC N 

 Rivulus marmoratus  Mangrove Rivulus G4G5 S3 SC N 

 

 

Amphibians 

Scientific  Name  Common Name 
Global 
Rank 

State 
Rank 

Federal 
Status 

State 
Status 

 Lithobates capito  Gopher Frog G3 S3 N 

 Reptiles 

Scientific  Name 

 Alligator mississippiensis 

 Common Name 

American  Alligator 

Global 
Rank 
G5 

State 
Rank 
S4 

Federal 
Status 
SAT 

State 
Status

FT(S/A) 

 Caretta caretta  Loggerhead  Sea Turtle G3 S3 T FT 

 Chelonia mydas  Green  Sea Turtle G3 S2S3 T FT 

Crotalus  adamanteus Eastern   Diamondback Rattlesnake G4 S3 N

 Dermochelys coriacea  Leatherback  Sea Turtle G2 S2 E FE 

 Drymarchon couperi Eastern   Indigo Snake G3 S3 T FT 

 Gopherus polyphemus  Gopher Tortoise G3 S3 C ST 

 Lampropeltis getula Common  Kingsnake G5 S2S3 N 

 Lampropeltis occipitolineata  South  Florida  Mole Kingsnake G1G2 S1S2 N 

 Lepidochelys kempii  Kemp's  Ridley  Sea Turtle G1 S1 E FE 

 Pituophis melanoleucus  Pine Snake G4 S3 ST 

 Sceloporus woodi  Florida  Scrub Lizard G2G3 S2S3 N 

Birds 

 Scientific Name 

 Antigone canadensis  pratensis 

 Common Name 

 Florida  Sandhill Crane 

Global 
Rank 
G5T2 

State 
Rank 
S2 

Federal 
Status 

State 
Status

ST 

 Aphelocoma coerulescens  Florida Scrub‐Jay G2? S2 T FT 

 Aramus guarauna Limpkin G5 S3 N 

 Athene  cunicularia floridana  Florida  Burrowing Owl G4T3 S3 ST 

 Caracara cheriway  Crested Caracara G5 S2 T FT 



 Scientific Name  Common Name 
Global 
Rank 

State 
Rank 

Federal 
Status 

State 
Status 

 Dryobates borealis  Red‐cockaded Woodpecker G3 S2 E FE 

 Egretta caerulea  Little  Blue Heron G5 S4 ST 

 Egretta rufescens  Reddish Egret G4 S2 ST 

 Egretta thula  Snowy Egret G5 S3 N 

 Egretta tricolor  Tricolored Heron G5 S4 ST 

 Eudocimus albus  White Ibis G5 S4 N 

 Haematopus palliatus  American Oystercatcher G5 S2 ST 

 Haliaeetus leucocephalus  Bald Eagle G5 S3 N 

 Laterallus jamaicensis  Black Rail G3G4 S2 N 

 Mycteria americana  Wood Stork G4 S2 T FT 

 Nyctanassa violacea  Yellow‐crowned Night‐heron G5 S3 N 

 Nycticorax nycticorax  Black‐crowned Night‐heron G5 S3 N 

 Pandion haliaetus Osprey G5 S3S4 N 

 Peucaea aestivalis  Bachman's Sparrow G3 S3 N 

 Platalea ajaja  Roseate Spoonbill G5 S2 ST 

 Plegadis falcinellus  Glossy Ibis G5 S3 N 

 Rynchops niger  Black Skimmer G5 S3 ST 

 Sternula antillarum  Least Tern G4 S3 N ST 

 Thalasseus maximus  Royal Tern G5 S3 N 

 Mammals 

 Scientific Name 

 Eubalaena glacialis 

 Common Name 

North   Atlantic  Right Whale 

Global 
Rank 
G1 

State 
Rank 
S1 

Federal 
Status 
E

State 
Status

 FE  

 

 Mustela  frenata peninsulae  Florida  Long‐tailed Weasel G5T3? S3 N 

 Peromyscus  polionotus niveiventris  Southeastern  Beach Mouse G5T1 S1 T  FT

 Podomys floridanus  Florida Mouse G3 S3 N 

 Trichechus manatus  West  Indian Manatee G2 S2 T FT 

 Ursus  americanus floridanus  Florida  Black Bear G5T4 S4 N 



   Other Elements 

 Scientific Name  Common Name 
Global 
Rank 

State 
Rank 

Federal 
Status 

State 
Status

 Bird Rookery G5 SNR N
 

 Manatee  Aggregation Site GNR SNR N
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Wildlife Hazard Assessment Species List  



Species Observed at TIX During the 2011 Wildlife Hazard Assessment Surveys 
Retrieved from: Exner, Gary. Space Coast Regional Airport (KTIX) Wildlife Hazard Assessment. 1st ed. 

Chuluota, FL: Advantage Consulting LLC, 2012. Digital. 
 
BIRDS_____ 
American crow (Corvus brachyrhynchos)  
American kestrel (Falco sparverius)  
Anhinga (Anhinga anhinga)  
Bald eagle (Haliaeetus leucocephalus)  
Barn owl (Tyto alba)  
Barn swallow (Hirundo rustica)  
Belted kingfisher (Megaceryle alcyon)  
Black vulture (Coragyps atratus)  
Boat-tailed grackle (Quiscalus major)  
Brown-headed cowbird (Molothrus ater)  
Cattle egret (Bubulcus ibis)  
Common grackle (Quiscalus quiscula)  
Common ground-dove (Columbina passerine)  
Double-crested cormorant t(Phalacrocorax auritus)  
Great blue heron (Ardea herodias)  
Great egret (Ardea alba)  
House sparrow (Passer domesticus)  
Killdeer (Charadrius vociferus)  
Least tern (Sternula antillarum)  
Little blue heron (Egretta caerulea)  
Mourning dove (Zenaida macroura)  
Northern cardinal ( Cardinalis cardinalis)  
Osprey (Pandion haliaetus)  
Palm warbler (Setophaga palmarum)  
Pileated woodpecker(Oryocopus pileatus)  
Red-tailed hawk (Buteo jamaicensis)  
Red-winged blackbird(Agelaius phoeniceus) 
Ring-billed gull (Larus delawarensis)  
Royal tern (Thalasseus maximus)  
Sandhill crane (Grus canadensis)  
Turkey vulture (Cathartes aura)  
White Ibis (Eudocimus albus)  
Wild turkey (Meleagris gallopavo)  
 

REPTILES*_____ 
American alligator (Alligator mississippiensis) 
American bullfrog (Rana catesbeiana) 
Brown water snake (Nerodia taxispilota) 
Common box turtle (Terrapene carolina) 
Common garter snake (Thamnophis sirtalis) 
Gopher tortoise (Gopherus polyphemus) 
Green tree frog (Hyla cinerea) 
Eastern Indigo Snake (Dymarchon corais couperi) 
Eastern diamondback rattlesnake (Crotalus adamanteus) 
Southern black racer (Coluber constrictor priapus) 



*Report states that some of these species were observed and others are thought to potentially 

use the Airport based on suitable habitat or evidence observed. 

MAMMALS**1_____ 
Feral hog (Sus scrofa) 

Coyote (Canis latrans) 

White-tailed deer (Odocoileus virginianus) 

Gray fox (Urocyon cinereoargenteus) 

Raccoon (Procyon lotor) 

Bobcat (Lynx rufus) 

Eastern gray squirrel (Sciurus carolinensis) 

Eastern cottontail (Sylvilagus floridanus) 

 

**Report does not contain a list of mammal species observed, but these species were 

mentioned in various portions of the report and on the example datasheet provided in the report. 

 
1 Exner, Gary. Space Coast Regional Airport (KTIX) Wildlife Hazard Assessment. 1st ed. Chuluota, FL: 

Advantage Consulting LLC, 2012. Print. 
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U.S. Fish and Wildlife Service Correspondence 

Regarding Scrub Jay Area  



U S F W S   C O R R S E P O N D E N C E   R E G A R D I N G   S C R U B   J A Y   A R E A

TIX Spaceport Licensing EA E-2
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TIX Spaceport Licensing EA E-3

 
 
Introduction 
 
The proposed Project Speed at Titusville-Cocoa Airport Authority’s Space Coast Regional Airport is located in 
Section 3, Township 23, and Range 35 of Brevard County, Florida (Figure 1). The location is bordered to the 
south by Perimeter Road, to the north, west and east by the larger Space Coast Regional Airport (Figure 2). The 
Titusville-Space Coast Regional Airport Authority is planning to complete all permitting for the site for an 
incoming tenant.  The total project site is 72 acres, of which, 36 acres occur within a Scrub Jay polygon and 
contains potential habitat for scrub jays.  
 
Site Description 
 
A Florida Land Use Cover Forms Classification System (FLUCFCS) map for the project was prepared based on 
field reconnaissance and is included as Figure 3. The proposed project area is comprised of previously impacted 
areas (8110-Airports) covering 36 acres and natural areas (4340-Hardwood-Conifer Mixed) covering 36 acres. 
Site soils are mapped in Figure 4.  The soils listed on site are Myakka Sand (36), Candler Fine Sand (4), 
Tavares Sand (63), and Quartzipsamments, smoothed (52).   
 
The Hardwood-Conifer stand is shown in the photolog included in Site Photographs. The site canopy vegetation 
is mixed hardwoods and conifers comprised of upland species such as: Eastern red cedar (Juniperus virginiana), 
long leaf pine (Pinus palustris), slash pine (Pinus elliottii), sand pine (Pinus clausa), bluejack oak (Quercus 
incana), scrub oak (Quercus inopina), sand live oak (Quercus geminata), and live oak (Quercus virginiana). 
The shrub layer was comprised of upland shrubs such as saw palmetto (Serenoa repens), hog plum (Ximenia 
americana), and Deerberry (Vaccinium stamineum). Ground cover was missing in the interior of the stand due 
to extensive (>75%) canopy coverage. The remaining land cover type (Airport-8110) is vegetated with Bahia 
(Paspalum notatum) grass with occasional herbaceous groundcover.   
 
The three native soil types present within the natural area of the project site are commonly found in scrub or 
scrubby flatwoods within Brevard County. They are Myakka Sand, Candler Sand and Tavares Sand. They are 
well drained to moderately well drained sands found on or around sand ridges within Brevard County. 
Quartzipsamments are mixed soils that are a result of clearing and filling for development.  
 
Survey Methodology 
 
Survey methods follow those by U.S. Fish and Wildlife Service, Scrub-Jay Survey Guidelines, Revised 2007 
(Appendix A). Transects and play-back stations were based on previous Scrub-Jay Monitoring completed by 
Storm L. Richards and Associates, Inc. in 2003 (Appendix B).   
 
Fifteen monitoring stations and ten transect lines were utilized to cover the forested property as shown on 
Figure 5. Florida Scrub jay territorial calls were played for at least five minutes per station in all four cardinal 
directions. The survey was conducted over a five day period. Data sheets with the results of the survey are 
located in Appendix C.  
 
 
 
 



 Main Line (321) 633-2016  ●  Remediation & Compliance (321) 633-2017  ●  Stormwater (321) 633-2014 
Fax (321) 633-2029        ●natres.brevardcounty.us 

Survey Results 
 
No scrub jay calls were heard in response to the played recordings. No Florida scrub jays were found within or 
around the proposed Project Speed site. There have been no land management activities in regards to scrub 
management on the Project Speed Site since the previous survey. The site vegetation is less than optimal for 
scrub jays with canopy heights well over 20 feet and the only open areas are adjacent to the edges of the site 
(Appendix B).  
 
Therefore, it is requested that USFWS accept this report and concur on the survey findings of no Florida scrub 
jay territories within the project boundary.  
 
For questions or comments, please contact Sue Gosselin at (321)633-2016, x52438 or email at sue.gosselin@ 
brevardcounty.us. 
 
 
 
 
 
Susan Gosselin 
Environmental Scientist 
Brevard County Natural Resource Management Office 

U S F W S   C O R R S E P O N D E N C E   R E G A R D I N G   S C R U B   J A Y   A R E A
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Image 1. View to the northeast form the southwest corner of the project site. 
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Image 2. View to the southwest from the northeast corner of the project site.  
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Scrub-Jay Survey Guidelines 
(Updated 08/24/2007) 

Adapted from: J.W. Fitzpatrick, G.E. Woolfenden and M.T. Kopeny. 1991. Ecology and development-related habitat 
requirements of the Florida scrub-jay (Aphelocoma coerulescens). Florida Game and Fresh Water Fish Commission, 
Nongame Wildlife Program Technical Report No. 8. Tallahassee, FL. 49pp.  

The most effective method for surveying a site for Florida scrub-jays is to traverse the area systematically, 
using a high quality tape recording of Florida scrub-jay territorial scolding in an attempt to attract the jays. 
The recording should include clear examples of all typical territorial scolds, including the female "hiccup" 
call. Vocalizations are available by contacting: 

Macaulay Library 
Cornell Lab of Ornithology 
159 Sapsucker Rd. 
Ithaca, NY 14850 
Email: macaulaylibrary@cornell.edu
http://birds.cornell.edu

Map plant communities either on a 7.5 foot U.S. Geological Survey (USGS) topographic map or an aerial 
photograph at a scale of no more than 400 feet per inch. The vegetation map must show all forms of 
existing development. On the vegetation map, establish parallel line transects with playback stations along 
each transect. Space the transects and playback stations so that all different scrub types will be sampled for 
jays (i.e., so that the taped calls will be effectively broadcast across areas of concern). These scrub types 
should include not only the more "classic" xeric oak scrub, scrubby pine flatwoods, scrubby coastal strand, 
and sand pine scrub, but should also include: 

pine-mesic oak
xeric oak
sand live oak
improved, unimproved, and woodland pastures;
citrus groves;
rangeland;
pine flat woods;
longleaf pine xeric oak;
sand pine;
sand pine plantations;
forest regeneration areas;
sand other than beaches;
disturbed rural land in transition without positive indicators of intended activity; and disturbed
burned areas.

The presence of scrub oaks, no matter how sparsely distributed, is the key indicator of "scrub" habitat.  

Distances between transects, and between stations along transects, depend on many factors, including 
power of the speaker used for broadcasting the calls, topography of the site, and the density of the 
surrounding vegetation. Adequate spacing between transects can be estimated roughly as the distance at 
which a person listening to the tape directly in front of the speaker perceives the "bird" to be no more than 
about 100 meters away. A distance of 100 to 200 meters between transects and between stations is 
generally adequate when using a good-quality, hand-held cassette player broadcasting at full volume. 
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Surveys should be carried out on calm, clear days about one hour after sunrise, and should terminate 
before midday heat or wind. Surveys should not be conducted in winds stronger than a moderate breeze (5-
8 mph), in mist or fog, or in precipitation exceeding a light, intermittent drizzle. Heat and especially wind 
lowers the tendency for jays to respond to distant territorial scolds, and wind reduces the distance over 
which recordings can be heard. Jays are also reluctant to fly on windy days regardless of hour or season. 
Surveys also should NOT be conducted if accipiters or other scrub-jay predators are present in the area; in 
the event this is the case, the surveyor should either wait until the predator is gone or come back on another 
day. 
 
Surveys may be conducted anytime between March 1 through October 31. However, Ideal survey periods 
include: 1) spring (especially March), 2) fall (September and October), when territorial displays are most 
frequent and vigorous, and 3) midsummer (July) when young of the year are independent but still 
distinguishable by plumage. The poorest times of the year to survey are late winter, when jays are most 
likely to fly far for food, and late spring when the young are quiet and the adults are occupied with molt and 
feeding fledglings. 
 
Transects may be driven or walked. If driven, step out or stand atop the vehicle at each playback station. 
Broadcast the calls at each station for at least 1 minute in all four directions around the playback station, 
emphasizing any direction in which low-growing oak scrub is the predominant vegetation. On the vegetation 
map, plot the locations and indicate group size of all Florida scrub-jays where they are first seen or heard. 
Distinguish adult-plumaged jays from juvenile-plumaged jays whenever possible. 
 
At localities with car trails, large areas of scrub can be surveyed with a vehicle in one day. On foot, the 
process is more laborious because of the relatively large size of territories (often 10 to 40 acres). Once a 
group is located, stop broadcasting at that station. Remaining at this station briefly should result in the 
assembly of the entire group. This allows one to estimate group size and, if done during the midsummer, to 
distinguish young of the year from adults. 
 
Sometimes two or more groups will be attracted to one station, usually from different directions. Observers 
should be careful, therefore, to plot each group where it was first spotted or heard, not at the site to which 
the jays were attracted. In rare circumstances, especially at sites where numerous groups congregate at 
artificial food or water sources, it may be difficult to differentiate groups. This is especially true where jays 
have become habituated and tame to human approach. Again, in such cases careful observation is 
extremely important. Studies of such congregations using color-marked jays have confirmed that almost 
always they consist of members of different family groups. Often they may have crossed several territory 
boundaries to reach the neutral feeding or drinking areas. The result gives a false impression of extremely 
high jay density. 
 
It is essential that the subject area be surveyed as often as necessary (for a minimum of 5 days) to 
establish an accurate count of jay groups and territorial boundaries. If more than 8 to 10 jays are 
encountered at a single playback station during a fall or spring survey period, the jays at this site should be 
monitored carefully over several visits and different times of day. Numbers will shift as groups arrive and 
depart. Often it is possible to watch where the jays come from or return to as a means of determining how 
many groups are represented. For determining territorial boundaries, it is essential that the surveyor be 
familiar with different types of behavior exhibited by scrub-jays. Territorial boundaries may be most 
accurately predicted through a combination of observing scrub-jays and listening for territorial behavior (in 
the case where several families of scrub-jays exist in contiguous habitat) or by including habitat suitable for 
occupation by scrub-jays within a territorial boundary (in the case where a family of scrub-jays is somewhat 
isolated from other groups). If a question exists as to how many groups of scrub-jays are onsite, or where to 
draw territorial boundaries, it is strongly recommended that the U.S. Fish and Wildlife Service receive 
permission from the land owner to conduct an independent survey onsite. 
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The key end products of this procedure are: (1) a complete count of all jay groups onsite and (2) an 
approximate territory map or home range center for each group. Provide the U.S. Fish and Wildlife Service 
with a final report that includes the following, as applicable: 

A.  An information sheet including: 
Dates and starting and ending times of all surveys conducted.
Weather conditions during all surveys, including average temperature, wind speed and direction,
visibility, and precipitation.
Total number of jay groups found, number of jays in each group and number of juvenile-plumaged
jays in each of these groups.

B. An aerial photograph or vegetation map depicting: 
The entire area of interest.
Transect lines and playback stations.
Locations of all jays seen or heard while conducting the survey or at any other time, including flight
direction.
Approximate suspected territory boundaries between jay groups or suspected home range centers
for each group.

Mail Scrub-jay survey reports to: 

North Florida Counties

Scrub-Jay Survey 
U.S. Fish and Wildlife Service 
6620 Southpoint Dr. South, Suite 310 
Jacksonville, FL 32216-0958 

South Florida Counties

Scrub-Jay Survey 
U.S. Fish and Wildlife Service 
1339 20th St. 
Vero Beach, FL 32960-3559 
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A copy of the complete “PHASE I CULTURAL RESOURCE ASSESSMENT SURVEY OF 

THE SPACE COAST REGIONAL AIRPORT, BREVARD COUNTY, FLORIDA” is 

available upon request from: 

 
Stacy Zee 

Environmental Specialist 

FAA Commercial Space Transportation 

800 Independence Ave SW, Suite 325 

Washington, DC 20546  
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1 Introduction 
The Titusville-Cocoa Airport Authority (TICO) is proposing to operate a commercial space launch site at 

the Space Coast Regional Airport (TIX), in Titusville, Florida, also referred to as the Titusville Spaceport, 

for the operations of horizontal take-off and horizontal landing reusable launch vehicles (RLV). To operate 

a commercial space launch site, the TICO must obtain a commercial launch site operator license from the 

Federal Aviation Administration (FAA) Office of Commercial Space Transportation (AST). The launch site 

operator license would remain in effect for five years from the date of issuance (14 CFR Part 420.43). 

Therefore, a five-year study period from 2018 through 2023 is used in the analysis since RLV launch 

operations are forecasted to begin in 2018. The following report documents the noise study performed as 

part of the TICO’s efforts in obtaining a commercial space launch site operator’s license at TIX. 

The issuance of a launch site operator license is considered a Federal action subject to environmental 

review under the National Environmental Policy Act (NEPA) of 1969 as amended (42 United States Code 

[U.S.C.] §4321, et seq.). The noise impact of the proposed future actions is evaluated based on the FAA 

Order 1050.1F, Environmental Impacts: Policies and Procedures. A significant noise impact is one in which 

“the action would increase noise by DNL 1.5 dB[A] or more for a noise sensitive area that is expose to 

noise at or above the DNL 65 dB[A] noise exposure level, or that will be exposed at or above this level due 

to the increase, when compared to the no action alternative for the same timeframe.”  Where DNL is 

defined as the Day-Night Average Sound Level (see Section 2.1).  

TIX is a corporate and commercial charter facility owned by the TICO, currently conducting an average of 

272 daily itinerant and local operations consisting of general aviation and military activities. An 

environmental noise analysis was prepared by Michael Baker International to determine the No Action 

Alternative DNL noise contours from the aircraft operations at TIX. The aircraft operations were projected 

to 2018 and 2023 for the community noise exposure comparison encompassing the length of the study 

period. 

The Titusville Spaceport (the Proposed Action) would include 50 departures and arrivals per year of each 

of the Concept X, Y, and Z RLVs in addition to the projected aircraft operations at TIX. Michael Baker 

International has prepared the environmental noise analysis corresponding to the projected aircraft 

operations at TIX (No Action Alternative) and the proposed operations of the Concept X and Concept Z 

RLVs. The following report documents the noise analysis for operations of a Concept Y RLV and the 

community noise exposure of the Proposed Action (Concept X, Y, and Z RLVs in addition to the projected 

aircraft operations). The community noise exposure of the Proposed Action on a DNL basis was then 

compared to the No Action Alternative to determine if a significant noise impact would occur as a result 

of the Proposed Action. 

This noise study describes the environmental noise associated with the Proposed Action. Section 2 

summarizes the noise metrics discussed throughout this report; Section 3 describes the general 

methodology of the Concept Y RLV launch noise and sonic boom noise models; Section 4 describes the 

acoustical modeling input parameters for TIX; and Section 5 presents the noise modeling results. A 

summary is provided in Section 6 to document the notable findings of this noise study. 
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2 Noise Metrics and Criteria 

2.1 Noise Metrics 
Any unwanted sound that interferes with normal activities or the natural environment can be defined as 

noise. Noise sources can be continuous (constant) or transient (short-duration) and contain a wide range 

of frequency (pitch) content. Determining the character and level of sound aids in predicting the way it is 

perceived. Both launch noise and sonic booms are classified as transient noise events. 

The decibel (dB) is a ratio that compares the sound pressure of the sound source of interest (e.g. the 

rocket launch) to a reference pressure (the quietest sound we can hear, 20 μPa (micropascal)). Standard 

weighting filters help to shape the levels in reference to how they are perceived. An “A-weighting” filter 

approximates the frequency response of human hearing, adjusting low and high frequencies to match the 

sensitivity of human hearing. For this reason, the A-weighted decibel level (dBA) is commonly used to 

assess community noise. However, if the structural response is of importance to the analysis, a 

“Flat-weighted” (unweighted) level is more appropriate. 

The impact of noise can be described with the use of noise metrics, which depend on the nature of the 

event and who or what is affected by the sound. Individual time-varying noise events have two main 

characteristics: a sound level that changes throughout the event and a period of time during which the 

event is heard. The overall sound pressure level (OASPL) provides a measure of the sound level at any 

given time, while the maximum OASPL (Lmax) indicates the maximum OASPL achieved over the duration of 

the event. Sound Exposure Level (SEL) represents both the magnitude of a sound and its duration. SEL 

provides a measure of the cumulative noise exposure of the entire acoustic event, but it does not directly 

represent the sound level heard at any given time. Mathematically, it represents the sound level of a 

constant sound that would, in one second, generate the same acoustic energy as the actual time-varying 

noise event. For sound generated by rocket launches, which last more than one second, the SEL is greater 

than the Lmax because an individual launch can last for minutes and the Lmax occurs instantaneously. Sonic 

boom noise levels are described in units of peak overpressure in pounds per square foot (psf). 

The DNL is a cumulative noise metric that accounts for the SEL of all noise events in a 24-hour period. 

Typically, DNL values are expressed as the level over a 24-hour annual average day. In order to account 

for increased human sensitivity to noise at night, a 10 dB penalty is applied to nighttime events (occurring 

between the hours of 10:00 p.m. and 7:00 a.m.). Noise contour maps of these metrics are comprised of 

lines of equal noise level or exposure, and they serve as visual aids for assessing the impact of noise on a 

community. 
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2.2  Noise Criteria 
Noise criteria have been developed to protect the public health and welfare of the surrounding 

communities. The impacts of launch noise and sonic booms are evaluated on a cumulative basis in terms 

of human annoyance per FAA Order 1050.1F. In addition, sonic booms impacts are evaluated on a single-

event basis in regards to hearing conservation and structural damage criteria.  

2.2.1 Human Annoyance 

FAA Order 1050.1F, states that a significant noise impact would occur if the “action would increase noise 

by DNL 1.5 dB[A] or more for a noise sensitive area that is exposed to noise at or above the DNL 65 dB[A] 

noise exposure level, or that will be exposed at or above this level due to the increase, when compared 

to the No Action Alternative for the same timeframe”. DNL is based on long-term cumulative noise 

exposure and has been found to correlate well with adverse community impacts for regularly occurring 

events including aircraft, rail, and road noise (Schultz, 1978; Finegold, et al., 1994). Noise studies used in 

the development of the DNL metric did not include rocket noise, which are historically irregularly 

occurring events. Thus, it is acknowledged that the suitability of DNL for infrequent rocket noise and sonic 

boom events is uncertain. DNL contours are provided in compliance with FAA requirements as the FAA 

considers DNL the best available metric to estimate the potential long-term annoyance. 

2.2.2 Hearing Conservation 

A sonic boom is the sound associated with the shock waves created by a vehicle traveling through the air 

faster than the speed of sound. Multiple federal government agencies have provided guidelines on 

permissible noise exposure limits on impulsive noise such as a sonic boom. These documented guidelines 

are in place to protect one’s hearing from exposures to high noise levels and aid in the prevention of 

noise-induced hearing loss (NIHL). In terms of upper limits on impulsive or impact noise levels, the 

National Institute for Occupational Safety and Health (NIOSH) (NIOSH, 1998) and Occupational Safety and 

Health Administration (OSHA) (OSHA, 2008) has stated that levels should not exceed 140 dB peak sound 

pressure level, which equates to a level of ~4 psf.  

2.2.3 Structural Damage 

Sonic booms are also commonly associated with structural damage. Most damage claims are for brittle 

objects, such as glass and plaster. Table 1 summarizes the threshold of damage that may be expected at 

various overpressures (Haber, et al., April 1989). A large degree of variability exists in damage experience, 

and much damage depends on the pre-existing condition of a structure. Breakage data for glass, for 

example, spans a range of two to three orders of magnitude at a given overpressure. The probability of a 

window breaking at 1 psf ranges from one in a billion (Sutherland, 1990) to one in a million (Hershey, et 

al., 1976). These damage rates are associated with a combination of boom load and glass condition. At 10 

psf, the probability of breakage is between one in 100 and one in 1,000. Laboratory tests involving glass 

(White, 1972) have shown that properly installed window glass will not break at overpressures below 10 

psf, even when subjected to repeated booms; however in the real world glass is not always in pristine 

condition. 

Damage to plaster occurs at similar ranges to glass damage. Plaster has a compounding issue in that it will 

often crack due to shrinkage while curing or from stresses as a structure settles, even in the absence of 

outside loads. Sonic boom damage to plaster often occurs when internal stresses are high from these 
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factors. In general, for well-maintained structures, the threshold for damage from sonic booms is 2 psf, 

below which damage is unlikely. 

Table 1. Possible damage to Structures from sonic booms (Haber, et al., April 1989) 

Sonic Boom 
Overpressure 
Nominal (psf) 

Type of 
Damage 

Item Affected 

0.5 - 2 

Plaster 
Fine cracks; extension of existing cracks; more in ceilings; over doorframes; 
between some plasterboards. 

Glass Rarely shattered; either partial or extension of existing. 

Roof 
Slippage of existing loose tiles/slates; sometimes new cracking of old slates at 
nail hole. 

Damage to 
outside walls 

Existing cracks in stucco extended. 

Bric-a-brac 
Those carefully balanced or on edges can fall; fine glass, such as large goblets, 
can fall and break. 

Other Dust falls in chimneys. 

2 - 4 
Glass, plaster, 
roofs, ceilings 

Failures show that would have been difficult to forecast in terms of their 
existing localized condition. Nominally in good condition. 

4 - 10 

Glass 
Regular failures within a population of well-installed glass; industrial as well 
as domestic greenhouses. 

Plaster 
Partial ceiling collapse of good plaster; complete collapse of very new, 
incompletely cured, or very old plaster. 

Roofs 
High probability rate of failure in nominally good state, slurry-wash; some 
chance of failures in tiles on modern roofs; light roofs (bungalow) or large 
area can move bodily. 

Walls (out) Old, free standing, in fairly good condition can collapse. 

Walls (in) Inside (“party”) walls known to move at 10 psf. 

Greater than 
10 

Glass 
Some good glass will fail regularly to sonic booms from the same direction. 
Glass with existing faults could shatter and fly. Large window frames move. 

Plaster Most plaster affected. 

Ceilings Plasterboards displaced by nail popping. 

Roofs 
Most slate/slurry roofs affected, some badly; large roofs having good tile can 
be affected; some roofs bodily displaced causing gale-end and will-plate 
cracks; domestic chimneys dislodged if not in good condition. 

Walls 
Internal party walls can move even if carrying fittings such as hand basins or 
taps; secondary damage due to water leakage. 

Bric-a-brac 
Some nominally secure items can fall; e.g., large pictures, especially if fixed to 
party walls. 
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3 Acoustic Modeling Methodology 
The majority of the noise generated by a rocket launch is created by the rocket plume, or jet exhaust, 

interacting with the atmosphere along the entire plume, and combustion noise of the propellants. Rocket 

noise occurs in the region surrounding the launch ignition point and radiates in all directions. However, it 

is highly directive, meaning that a significant portion of the source’s acoustic power is concentrated in a 

specific direction. Additionally, the level of noise received depends on the distance from the source. Noise 

decreases as the distance from the source increases, for example, there is a 6 dB decrease in OASPL per 

doubling of distance when described by spherical spreading. 

In addition to the launch noise, a launch vehicle can create sonic booms as a result of the shock waves 

created from supersonic flight. The perception of a sonic boom depends on the distance from the vehicle 

to the observer as well as the physical characteristics of the vehicle and the atmospheric conditions. The 

noise is perceived as a deep double boom, with most of its energy concentrated in the low frequency 

range. Although sonic booms generally last less than one second, their potential for impact may be 

considerable. 

3.1 Far-Field Launch Noise Modeling 
As the FAA does not currently have an approved model for launch vehicles, the FAA Office of Environment 

and Energy (AEE), in accordance with FAA Order 1050.1F, must approve all non-standard noise analysis. 

The Launch Vehicle Acoustic Simulation Model (RUMBLE), developed by Blue Ridge Research and 

Consulting, LLC (BRRC), is the noise model used to predict the Concept Y RLV noise associated with the 

proposed operations at Titusville Spaceport. AEE has reviewed and accepted the RUMBLE noise modeling 

method for this project as documented in the letter of approval (FAA, 2014). The core components of the 

model are described in the following sub sections. 

3.1.1 Acoustic Source Power 

Eldred’s Distributed Source Method 1 (DSM-1) (Eldred, 1971) is utilized for the source characterization. 

The DSM-1 model determines the launch vehicle’s total sound power based on its total thrust, exhaust-

velocity and the engine/motor’s acoustic efficiency. A recent validation of the DSM-1 model showed very 

good agreement between full-scale rocket noise measurements and the empirical source curves (James, 

et al., 2014). The acoustic efficiency of the rocket engine/motor was modeled using Guest’s variable 

acoustic efficiency (Guest, 1964). For launch vehicles with multiple tightly clustered equivalent engines, 

the engines can be modeled as a single engine with an effective exit diameter and total thrust (Eldred, 

1971). Therefore, in the far-field, the set of distributed sources are modeled as a compact source located 

at the nozzle exit with an equivalent total sound power and range of frequencies. 

3.1.2 Forward Flight Effect 

A jet in forward flight radiates less noise than the same jet in a static environment. A standard method to 

quantify this effect reduces overall sound levels as a function of the relative velocity between the jet and 

the outside airflow (Viswanathan, et al., 2011; Saxena, et al., 2012; Buckley, et al., 1984; Buckley, et al., 

1983). In the case of a rocket launch, ambient air flows by the rocket body at the velocity of forward flight. 

This ambient airflow travels in the same direction as the rocket exhaust; at the launch, the rocket exhaust 

travels at far greater speeds than the ambient airflow. As the differential between the forward flight 
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velocity and exhaust velocity decreases, jet mixing is reduced, which in turn reduces the corresponding 

noise emission. Notably, the maximum overall sound pressure levels are generally generated before the 

vehicle reaches a sonic velocity. Thus, the modeled noise reduction is capped at a forward flight velocity 

of Mach 1. 

3.1.3 Directivity 

Rocket noise is highly directive, meaning the acoustic power is concentrated in specific directions and the 

sound pressure observed will depend on the angle from the source to the receiver. NASA’s Project 

Constellation Program has made significant improvements in determining launch vehicle directivity of the 

reusable solid rocket motor (RSRM) (Haynes, et al., 2009). The RSRM directivity indices (DI) incorporate a 

larger range of frequencies and angles then previously available data. Improvements to the formulation 

of the RSRM DI accounting for the spatial extent and downstream origin of the rocket noise source (James, 

et al., 2014) have recently been published (coauthored by BRRC and the National Aeronautics and Space 

Administration (NASA)). These updated DI are used for this analysis. 

3.1.4 Doppler Effect 

Doppler effect is defined as the change in frequency of a wave for an observer moving relative to its 

source. During a rocket launch, an observer on the ground will hear a downward shift in the frequency of 

the sound as the distance from the source to receiver increases. The perceived frequency is related to the 

actual frequency by the speed of the source and receiver and the speed of the waves in the medium. The 

received frequency is higher (compared to the emitted frequency) during the approach, it is identical at 

the instant of passing by, and it is lower during the recession. The relative changes in frequency can be 

explained as follows. When the source of the waves is moving toward the observer, each successive wave 

crest is emitted from a position closer to the observer than the previous wave. Therefore, each wave takes 

slightly less time to reach the observer than the previous wave. Therefore, the time between the arrivals 

of successive wave crests at the observer is reduced, causing an increase in the frequency. While they are 

travelling, the distance between successive wave fronts is reduced; so the waves "bunch together". 

Conversely, if the source of waves is moving away from the observer each wave is emitted from a position 

farther from the observer than the previous wave, so the arrival time between successive waves is 

increased, reducing the frequency. The distance between successive wave fronts is increased, so the 

waves "spread out". This spreading effect is illustrated in Figure 1 for an observer in a series of images, 

where a) the source is stationary, b) the source is moving less than the speed of sound, c) the source is 

moving at the speed of sound, and d) the source is moving faster than the speed of sound. As the 

frequency is shifted lower, the A-Weighting filtering on the spectrum results in a decreased A-weighted 

sound level. For unweighted overall sound levels, Doppler has no effect on the levels since all frequencies 

are accounted for equally. 
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Figure 1. Effect of expanding wavefronts (decrease in frequency) that an observer would notice for 
higher relative speeds of the rocket relative to the observer for: a) stationary source b) source velocity 
< speed of sound c) source velocity = speed of sound d) source velocity > speed of sound 

3.1.5 Atmospheric Absorption 

Atmospheric absorption is a measure of the sound attenuation from the excitation of vibration modes of 

air molecules. Atmospheric absorption is a function of temperature, pressure and relative humidity of the 

air. The atmospheric absorption is calculated using formulas found in ANSI standard S1.26-1995 (R2004) 

(ANSI/ASA S1.26, 2004). The result is a sound-attenuation coefficient, which is a function of frequency, 

atmospheric conditions, and distance from the source. The amount of absorption depends on the 

parameters of the atmospheric layer and the distance that the sound travels through the layer. The total 

sound attenuation is the sum of the absorption experienced from each atmospheric layer. 

Nonlinear propagation effects can result in distortions of high-amplitude sound waves (McInerny, et al., 

2007) as they travel through the medium. These nonlinear effects are counter to the effect of atmospheric 

absorption (McInerny, et al., 2005; Pernet, et al., 1971). However, recent research shows that nonlinear 

propagation effects change the perception of the received sound (Gee, et al., 2007; Ffowcs, et al., 1975) , 

but the standard acoustical metrics do not reflect this perception change (Gee, et al., 2008; Gee, et al., 

2006). The overall effects of nonlinear propagation on high-amplitude sound signatures and their 

perception is an on-going area of research. 

3.1.6 Ground Interference 

The calculated results of the sound propagation using DSM-1 provide a free-field sound level at the 

receiver. However, sound propagation near the ground is most accurately modeled as the combination of 

a direct wave (source to receiver) and a reflected wave (source to ground to receiver) shown in Figure 2. 

The ground will reflect sound energy back toward the receiver. Depending on the frequency of the wave 

and the geometry, this reflected wave may interfere with the direct wave causing constructive or 

destructive interference. Additionally, the ground may absorb a portion of the sound energy causing the 

reflected wave to propagate a smaller portion of energy to the receiver. The acoustic model accounts for 

the attenuation of sound by the ground (Chessel, 1977; Embleton, et al., 1983) when estimating the 

received noise. To account for the random fluctuations of wind and temperature on the direct and 

reflected wave, the effect of atmospheric turbulence is also included (Chessel, 1977; Daigle, 1979). 
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Figure 2. Sound propagation near the ground is modeled as the combination of a direct wave (blue) and 
a reflected wave (red) from the source to the receiver. 

3.1.7 Geo-referenced Coordinate System 

Many of the launch noise model components described above are calculated based on the specific source 

(launch vehicle trajectory point) to receiver geometry (grid point). The position of the launch vehicle, 

described by the trajectory, is often provided in the angular geodetic coordinates of latitude and 

longitude, defined relative to a reference system (such as WGS84) that approximates the Earth’s surface 

by an ellipsoid. The receiver grid is described in geodetic latitude and longitude, referenced to the same 

reference system as the trajectory data. Maintaining the same reference system ensures greater accuracy 

in source to receiver geometry calculations as well as achieving a more physical model, which includes the 

curvature of the earth. 

3.1.8 Received Noise 

Combining these separate components, the impact of noise is estimated for the region of the Concept Y 

RLV proposed operations and described with the use of the cumulative acoustic metrics, A-weighted Day-

Night Average Sound Level (DNL).  
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3.2 Sonic Boom Modeling 
When an aircraft moves through the air, it pushes the air out of its way. At subsonic speeds, the displaced 

air forms a pressure wave that disperses rapidly. At supersonic speeds, the aircraft is moving too quickly 

for the wave to disperse, so it remains as a coherent wave. This wave is a sonic boom. When heard at 

ground level, a sonic boom consists of two shock waves (one associated with the forward part of the 

aircraft, the other with the rear part) of approximately equal strength and (for fighter aircraft) separated 

by 100 to 200 milliseconds. For rockets, the separation can be extended because of the volume of the 

plume. Thus, their waveform durations can be as large as one second. When plotted, this pair of shock 

waves and the expanding flow between them has the appearance of a capital letter “N,” so a sonic boom 

pressure wave is usually called an “N-wave.” An N-wave has a characteristic "bang-bang" sound that can 

be startling. Figure 3 shows the generation and evolution of a sonic boom N-wave under the aircraft. 

Figure 4 shows the sonic boom pattern for an aircraft in steady, level supersonic flight. The boom forms a 

cone that is said to sweep out a “carpet” under the flight track. The boom levels vary along the lateral 

extent of the “carpet” with the highest levels directly underneath the flight track and decreasing as the 

lateral distance increases to the cut-off edge of the “carpet.” When the vehicle is maneuvering, the sonic 

boom energy can be focused in highly localized areas on the ground. This focusing will cause the N-wave 

boom to be amplified and transformed into a U-wave. 

 
Figure 3. Sonic boom generation and evolution to N-wave (Carlson, 1967) 
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Figure 4. Sonic boom carpet in steady flight (Plotkin, et al., 1990) 

The complete ground pattern of a sonic boom depends on the size, weight, shape, speed, and trajectory 

of the vehicle. Since aircraft fly supersonically with relative low horizontal angles, the boom is directed 

toward the ground. However, for rocket trajectories, the boom is directed laterally until the rocket rotates 

significantly away from vertical as shown in Figure 5. This difference causes a sonic boom from a rocket 

to propagate much further downrange compared to aircraft sonic booms. This extended propagation 

usually results in relatively lower sonic boom levels from rocket launches. For aircraft, the front and rear 

shock are generally the same magnitude. However, for a rocket the plume provides a smooth decrease in 

the vehicle volume, which diminishes the strength of the rear shock. During reentry of a rocket body, the 

vehicle can also generate sonic boom on the ground as the body descends back toward the airport. The 

sonic booms are somewhat reduced as the vehicle is decelerating. For this case, the propagation is direct 

toward the ground, so the boom is concentrated around the impact site as shown in Figure 6, which is for 

a sounding rocket. 
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Ground Intercept Point

Trajectory

Sonic boom wave front

Figure 5. Sonic boom propagation for rocket launch 

Figure 6. Sonic boom ground intercepts for reentry of a sounding rocket 

The single-event prediction model, PCBoom4 (Plotkin, 1996; Plotkin, 1989; Plotkin, et al., 2002), provided 

by the Air Force Center for Engineering and Environment (AFCEE) is used to predict the sonic boom 

footprint. PCBoom4 calculates the magnitude and location of sonic boom overpressures on the ground 

from supersonic flight. Several inputs are required to calculate the sonic boom impact, including the 

aircraft model, the trajectory path, the atmospheric conditions and the ground surface height. Predicted 

sonic boom footprints are in the form of constant pressure contours. 
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4 Space Coast Regional Airport 

4.1 Airfield Description 
TIX is a corporate and commercial charter facility owned by the TICO, currently conducting an average of 

272 daily itinerant and local operations consisting of general aviation and military activities. TIX contains 

two operating runways, shown in Figure 7. The longitude and latitude start and end-points of the TIX 

runways are included in Table 2. 

 
Figure 7. Space Coast Regional Airport with Runways 18/36 and 9/27 

Table 2. TIX runway start and end point locations 

Runway Start End Active  

Latitude Longitude Latitude Longitude (Y/N) 

18/36 28°31.476933N 80°47.814057W 28°30.269347N 80°47.793217W Y 

9/27 28°30.903113N 80°48.640247W 28°30.915633N 80°47.706300W Y 
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The launch noise and sonic boom models utilize an atmospheric profile, which describes the variation of 

temperature, pressure and relative humidity with respect to the altitude. A number of site-specific and 

standard atmospheric data sources were provided by RS&H. These sources, described in Table 3, were 

used to create a composite atmospheric profile for altitudes up to 350,000 feet (106.7 km). The composite 

atmospheric profile temperature, relative humidity, and pressure profile are shown in Figure 8. 

Table 3. Source of data provided by RS&H 

Altitude Range Source Parameters 

0 – 95,000 ft. 
(~0 – 30 km) 

NCDC, Station 74794, Cape Canaveral, FL Humidity and Pressure 

100,000 – 295,000 ft. 
(~30 – 90 km) 

NASA Technical Memo 4511 Temperature and Pressure 

300,000 – 350,000 ft. 
(~91 – 107 km) 

“Handbook of Astronautical Engineering” 
(McGraw-Hill 1961) 

Temperature and Pressure 

 

 
Figure 8. Atmospheric temperature, relative humidity, and pressure profiles (Note, above 30 km, the 
relative humidity and pressure are assumed to asymptote to zero) 
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4.2 Concept Y RLV Proposed Action Input Parameters 
The Proposed Action involves the operation of a commercial space launch site at TIX, offering a site to 

operate horizontal take-off and horizontal landing RLVs. The noise modeling described in Section 3 and its 

input defined herein is limited to the Concept Y RLV. The RUMBLE and PCBoom4 models require specific 

vehicle/engine input parameters to determine the noise exposure resulting from the proposed operations 

of a Concept Y RLV. Table 4 presents the representative parameters of a Concept Y RLV utilized in the 

acoustic modeling. These parameters are assumed to remain constant over the powered duration of the 

flight event. 

Table 4. Vehicle parameters utilized in acoustic modeling 

Vehicle/Engine Parameters 

Vehicle Length 335 inches (8.51 m, 27.9 ft) 

Gross Vehicle Weight  5000 kg (11,023 lbm) 

Number of Engines 4 

Nozzle Exit Diameter 16.4 cm (6.45 in) 

Propellant Liquid Oxygen (LOX)/ Kerosene 

Exhaust Velocity 2,900 m/s (9,514 ft/s) 

Single Engine Thrust (S.L.) 3,335 lbf (14,835 N) 

 

The Proposed Action regarding the Concept Y RLV includes 50 operations per year. Proposed launch 

operations would begin in 2018 and the frequency of Concept Y launch operations would remain constant 

over the five-year study period. Table 5 and Table 6 summarize the Concept Y RLV flight and pre-flight 

run-up operational data, respectively. Static operations will be limited to pre-flight run-ups located at the 

start of the flight track. Pre-flight run-up operations include a single engine running for two seconds at full 

thrust, repeating for all four engines.  

Table 5. Concept Y RLV flight operations 

Flight Operations 

Number of Operations: 50 total flight operations per year 

Day/Night Split: Acoustic Day (07:00 – 21:59): 95%, Acoustic Night (22:00 – 06:59): 5% 

Runway Usage: Airport Operation Runway Utilization 
Departure on 18:  0% Departure on 9: 0% 
Departure on 36: 100% Departure on 27: 0% 

 

 

Table 6. Concept Y RLV pre-flight run-up operations 

Pre-Flight Run-up Operations 

Number of Operations: 50 total pre-flight run-up operations per year 

Day/Night Split: Acoustic Day (07:00 – 21:59): 95%, Acoustic Night (22:00 – 06:59): 5% 

Static Pad Usage Split: Runway 36 Run-up: 100%                          Runway 18,9,27 Run-up: 0% 

Static Profiles: Full thrust for 2 sec., repeat for all 4 engines (Each engine run separately due to 
brakes) 
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The Concept Y RLV operations will be modeled using a single representative flight track departing from 

TIX’s Runway 36, shown in Figure 9. Site-specific vehicle trajectory parameters are described at 

one-second intervals and include: latitude, longitude, altitude, flight velocity vector, acceleration, thrust, 

weight, fuel burn, and times (and thrust) when the engine fires. The launch noise is modeled assuming 

constant engine thrust from take-off until the engines are shut-off. This “shut-off” time is identified in the 

velocity profile as the peak ascent velocity. Although the vehicle is still gaining altitude, it will begin to 

decelerate until it reaches its apogee. The sonic boom analysis only considers the re-entry portion of the 

launch event in which the vehicle is supersonic. The propagation is calculated assuming a receiver height 

of five feet along with a homogeneous soft ground surface. 

 
Figure 9. Concept Y RLV launch trajectory from Runway 17 
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5 Results 
The following sections present the results of the noise analysis. The launch noise impact is represented by 

DNL, presented in the form of contour maps in Section 5.1. The results of the Concept Y RLV sonic boom 

analysis are presented in Section 5.2. 

5.1 Launch Noise Analysis 
The DNL is a cumulative noise metric that includes noise from all flight operations over a 24-hour 

annual average day. The No Action Alternative environmental noise analysis was prepared by Michael 

Baker International to determine the DNL noise contours from the aircraft operations at TIX, projected to 

2018 and 2023, encompassing the five-year license duration. As a result of decreases in the projected 

annual operations, the 2023 DNL contours are slightly smaller than the 2018 DNL contours. Thus, as the 

Proposed Action operations are constant over the study period the most significant impacts would occur 

in 2023 when the No Action Alternative DNL contours are the smallest.  

The community noise exposure of the Proposed Action, on a DNL basis, is compared to the No Action 

Alternative to determine if a significant noise impact would occur as a result of the Proposed Action. DNL 

contours corresponding to the forecasted 2018 and 2023 operations are presented in Figure 10 and Figure 

11, respectively. The results of the No Action Alternative analysis are displayed with solid contour lines. 

The noise analysis pertaining to the Concept X and Z RLVs in addition to the projected aircraft operations, 

was also prepared by Michael Baker International. The analysis provided by Michael Baker International 

was combined with the Concept Y RLV noise analysis performed by BRRC, resulting in the DNL noise 

contours of the Proposed Action (Concept X, Y, and Z RLVs in addition to the projected aircraft operations), 

displayed with dashed contour lines.  

A significant noise impact is one in which the “action would increase noise by DNL 1.5 dB[A] or more for 

a noise sensitive area that is exposed to noise at or above the DNL 65 dB[A] noise exposure level, or that 

will be exposed at or above this level due to the increase, when compared to the No Action Alternative 

for the same timeframe” (FAA, 2014). The future 2018 No Action Alternative DNL 65 dBA contour extends 

off-airport property. This is a result of the increase in airport operations forecast to occur in 2018. 

Approximately 13.38 acres of off-airport property would be impacted in the 2018 No Action Alternative. 

The 2018 Proposed Action DNL 65 dBA contour extends further off-airport property. This results in an 

additional 4.54 acres of area impacted. Similarly, approximately 12.62 acres of off-airport property would 

be impacted in the 2023 No Action Alternative and the 2023 Proposed Action results in an additional 4.24 

acres of area impacted. When comparing the 2018 or 2023 No Action Alternative with the 2018 or 2023 

Proposed Action, off-airport areas would not receive a 1.5 dBA DNL or greater increase. Therefore, 

significant noise impacts would not occur as a result of the 2018 or 2023 Proposed Action.  
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Figure 10. Comparison of the 2018 No Action Alternative (solid) and 2018 Proposed Action (dashed) DNL 
contours 
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Figure 11. Comparison of the 2023 No Action Alternative (solid) and 2023 Proposed Action (dashed) DNL 
contours 
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5.2 Sonic Boom Noise Analysis 
The sonic boom resulting from the supersonic portion of the departure will not reach the ground due to 

the steep ascending flight path angle, as the boom propagates along an angle that is unlikely to intercept 

the ground. Sonic boom analysis was completed for the supersonic re-entry of the nominal Concept Y RLV 

operation arriving to Runway 36, highlighted in red in Figure 9. The maximum noise exposure of the 

proposed operational tempo, along with the maximum of 0.9 psf sonic boom is predicted to be a 

C-weighted DNL of 44 dBC, which translates to an equivalent A-weighted DNL of 52 dBA, according to 

ANSI 12.9 Part 4 Annex B (ANSI S12.9, 2005). The noise impacts from potential sonic booms would not be 

significant since the maximum predicted levels are much less than the 65 dBA DNL noise exposure criteria. 

Figure 12 displays the 0.25 and 0.50 psf contours resulting from the nominal flight track. The 0.5 psf 

contour is generated by a turn focus boom during reentry. This focus region occurs over 35 miles from the 

Florida coastline. Smaller 0.25 psf contour outliers also result from minor focusing of the sonic boom. 

Note that the presence and/or location of focus boom regions will be highly dependent on the actual 

trajectory and atmospheric conditions at the time of flight. The predicted sonic boom overpressure levels 

over land are less than 0.5 psf; therefore, the potential for structural damage is negligible (Haber, et al., 

1989). The potential for hearing damage is also negligible, as the predicted sonic boom overpressure levels 

are substantially lower than the ~4 psf impulsive hearing conservation noise criteria. 

 
Figure 12. Concept Y RLV sonic boom psf contour resulting from nominal flight profile re-entry  
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6 Summary 
The TICO is proposing to operate a commercial space launch site at the TIX in Titusville, Florida, for the 

horizontal operations of reusable launch vehicles (RLV). The issuance of a launch site operator license is 

considered a major Federal action subject to environmental review under the NEPA of 1969 as amended 

(42 U.S.C. §4321, et seq.). The noise impact of the proposed future actions is evaluated based on the FAA 

Order 1050.1F, Environmental Impacts: Policies and Procedures. A significant noise impact is one in which 

the “action would increase noise by DNL 1.5 dB[A] or more for a noise sensitive area that is exposed to 

noise at or above the DNL 65 dB[A] noise exposure level, or that will be exposed at or above this level due 

to the increase, when compared to the No Action Alternative for the same timeframe.” 

The Titusville Spaceport (the Proposed Action) would include 50 departures and arrivals per year of each 

of the Concept X, Y, and Z RLVs, in addition to the existing aircraft operations at TIX. Michael Baker 

International prepared the environmental noise analysis corresponding to the projected aircraft 

operations at TIX (No Action Alternative) and the proposed operations of the Concept X and Concept Z 

RLVs. This report documented the noise analysis for operations of a Concept Y RLV and the community 

noise exposure of the Proposed Action (Concept X, Y, and Z RLVs in addition to the projected aircraft 

operations). 

The noise levels generated from the Concept Y RLV space launch vehicles were predicted by RUMBLE. The 

majority of the noise generated by a rocket launch is created by the rocket plume, or jet exhaust, 

interacting with the atmosphere along the entire plume, and combustion noise of the propellants. When 

comparing the 2018 or 2023 No Action Alternative with the 2018 or 2023 Proposed Action, off-airport 

areas would not receive a 1.5 dBA DNL or greater increase. Therefore, significant noise impacts would not 

occur as a result of the 2018 or 2023 Proposed Action. 

Sonic boom analysis was completed using PCBoom4 for the supersonic re-entry of the nominal Concept Y 

RLV operation. A sonic boom is the sound associated with the shock waves created by the launch vehicle 

traveling through the air faster than the speed of sound. The maximum sonic boom overpressure of 0.9 

psf along with the proposed operational tempo will result in a maximum equivalent A-weighted DNL of 

52 dBA. Thus, the noise impacts, in relation to DNL, from potential sonic booms would not be significant 

since the maximum predicted levels are less than the 65 dBA noise exposure criteria. The predicted sonic 

boom overpressure levels over land are less than 0.5 psf; therefore the potential for structural damage is 

negligible (Haber, et al., 1989). The potential for hearing damage is also negligible, as the predicted sonic 

boom overpressure levels are substantially lower than the ~4 psf impulsive hearing conservation noise 

criteria. Note, the sonic boom resulting from the supersonic portion of the departure will not reach the 

ground due to the steep ascending flight path angle. 

Overall, including both the launch and sonic boom noise the Proposed Action resulted in a negligible 

change (less than 1.5 dBA) to the DNL contours when compared to the No Action Alternative over the 

2018 to 2023 launch site operator licensing duration, indicating no significant impacts. 
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Florida Fish and Wildlife Conservation Commission 

Response: 

The state-protected species, the gopher tortoise, is discussed in Section 4.3, Gopher Tortoise, of the EA. 
In order to avoid impacts to this species, a gopher tortoise permit would be obtained by the Applicant 
and best practices would be followed to avoid take of the gopher tortoises during construction.  

Thank you for your comments on and recommendations regarding the state-protected species, the least 
tern. As described in Section 4.3, Other State-Protected Bird Species, of the EA, the Proposed Action will 
not impact the least tern or other state-protected bird species. If nesting is observed, TCAA will contact 
FWC staff to discuss necessary nest buffers and potential permitting alternatives. 
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Mr. Matt Heyden 

Response: 

Thank you for your comments. 

A launch site operator license allows an operator to offer their site to commercial space vehicle 
operators; it does not allow the operator to conduct launches. Should TCAA receive a launch site 
operator license for TIX, that license would not authorize launches from the site. If a vehicle operator 
proposes to launch from TIX, they would apply to the FAA for a separate vehicle license. When a launch 
operator applies to the FAA for a license to operate at TIX, the FAA will develop a new or supplemental 
EA that will include a public notification and review period. In addition, the FAA would conduct a safety 
review specific to that license application. During this review, the FAA will ensure that proposed launch 
operations comply with the requirements in the FAA’s Commercial Space regulations. Please see 
Sections 1.1 and 1.3.1 for additional information on licensing.  

Because of concerns raised during the public meeting, the FAA will conduct an additional public review 
when an operator proposes to operate from TIX. No operator has been identified for TIX at this time. 
When a launch vehicle operator applies to the FAA to launch from TIX, the FAA will develop a separate 
EA and public review for that activity. The FAA generated a distribution list over the course of the TCAA 
launch site operator license EA development. The FAA will add all commenters and public meeting 
attendees to the project distribution list and will use this list as an initial notification list for future 
environmental reviews once a launch operator proposes to operate from the site.  
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Ms. Lora Losi 

Response: 

Thank you for your comments. 

Please refer to Section 2.1.2, Operation of Horizontal Takeoff and Landing Vehicles, for a discussion of 
the operations included in the Proposed Action, including the safety procedures. As noted, Concept X 
and Z vehicle would take off under aircraft power; rocket powered operations would take place over 
open ocean. Concept Y operations are not being considered at this time.  

A launch site operator license allows an operator to offer their site to commercial space vehicle 
operators; it does not allow the operator to conduct launches. Should TCAA receive a launch site 
operator license for TIX, that license would not authorize launches from the site. If a vehicle operator 
proposes to launch from TIX, they would apply to the FAA for a separate vehicle license. When a launch 
operator applies to the FAA for a license to operate at TIX, the FAA will develop a new or supplemental 
EA that will include a public notification and review period. In addition, the FAA would conduct a safety 
review specific to that license application. During this review, the FAA will ensure that proposed launch 
operations comply with the requirements in the FAA’s Commercial Space regulations. Please see 
Sections 1.1 and 1.3.1 for additional information on licensing.  
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Aircraft Owners and Pilots Association (AOPA) 

Response: 

Thank you for your comments. The FAA works collaboratively to ensure a safe National Airspace System 
for all airspace users. The FAA will continue to consider the recommendations made by the Airspace 
Access Priorities Aviation Rulemaking Committee (ARC) and Spaceport Categorization ARC. 

Section 1.3.3, Letter of Agreement, in the EA describes how TCAA will enter into a Letter of Agreement 
with Air Traffic Control facilities to establish procedures for the issuance of a Notice to Airmen prior to a 
launch and for closing of air routes during the launch window and other such measures as the FAA Air 
Traffic Control office deems necessary to protect public health and safety. This is part of TCAA’s launch 
site operator license application process. This measure, along with the measures described in EA Section 
2.1.2.1, Pre-Flight Activities, are meant to minimize effects on General Aviation at TIX while ensuring 
public health and safety. 

TCAA does not have a commitment from a launch operator at this time, so specific details about the 
characteristics and flight profile of the RLVs proposed to launch at the site are unknown. Consequently, 
the FAA has conservatively assessed the potential environmental impacts of launch vehicle operations at 
TIX based on the concept vehicles described in the EA.   

A launch site operator license allows an operator to offer their site to commercial space vehicle 
operators; it does not allow the operator to conduct launches. Should TCAA receive a launch site 
operator license for TIX, that license would not authorize launches from the site. If a vehicle operator 
proposes to launch from TIX, they would apply to the FAA for a separate vehicle license. When a launch 
operator applies to the FAA for a license to operate at TIX, the FAA will develop a new or supplemental 
EA that will include a public notification and review period. In addition, the FAA would conduct a safety 
review specific to that license application. During this review, the FAA will ensure that proposed launch 
operations comply with the requirements in the FAA’s Commercial Space regulations. Please see 
Sections 1.1 and 1.3.1 for additional information on licensing.  
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Mr. Norman Daniels, Valiant Air Command Warbird Museum 

Response:  

Thank you for your comments. 
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Mr. Barry Clinger 

Response:  

A launch site operator license allows an operator to offer their site to commercial space vehicle 
operators; it does not allow the operator to conduct launches. Should TCAA receive a launch site 
operator license for TIX, that license would not authorize launches from the site. If a vehicle operator 
proposes to launch from TIX, they would apply to the FAA for a separate vehicle license. When a launch 
operator applies to the FAA for a license to operate at TIX, the FAA will develop a new or supplemental 
EA that will include a public notification and review period. In addition, the FAA would conduct a safety 
review specific to that license application. During this review, the FAA will ensure that proposed launch 
operations comply with the requirements in the FAA’s Commercial Space regulations. Please see 
Sections 1.1 and 1.3.1 for additional information on licensing.  

Section 2.2.2, Alternatives Considered but Dismissed from Detailed Analysis, discusses the alternatives to 
the Proposed Action that were considered as well as the reasons why only the Proposed Action and No 
Action Alternative are carried forward for detailed analysis in the EA. The alternative of leasing facilities 
at NASA’s Kennedy Space Center was not analyzed in detail in the EA because it would not meet TCAA’s 
stated purpose and need. 

Thank you for your comments. 
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Mr. Kevin Panik 

Response: 

Thank you for your comment. In accordance with TCAA’s proposal, this EA evaluates the construction 
needed to support launches of liquid-propellant RLVs.  
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Ms. Sandra Clinger 

Response: 

Public Safety 

A launch site operator license allows an operator to offer their site to commercial space vehicle 
operators; it does not allow the operator to conduct launches. Should TCAA receive a launch site 
operator license for TIX, that license would not authorize launches from the site. If a vehicle operator 
proposes to launch from TIX, they would apply to the FAA for a separate vehicle license. When a launch 
operator applies to the FAA for a license to operate at TIX, the FAA will develop a new or supplemental 
EA that will include a public notification and review period. In addition, the FAA would conduct a safety 
review specific to that license application. During this review, the FAA will ensure that proposed launch 
operations comply with the requirements in the FAA’s Commercial Space regulations. Please see 
Sections 1.1 and 1.3.1 for additional information on licensing.  

Please refer to Section 2.1.2, Operation of Horizontal Takeoff and Landing Vehicles, for a discussion of 
the operations included in the Proposed Action, including the safety procedures.  

Noise 

The noise contours presented in the EA (Figures 4-5 and 4-6) avoid residential neighborhoods. The FAA 
does not anticipate that residential neighborhoods would be significantly impacted by the Proposed 
Action. The supersonic operations associated with these types of vehicles would only occur over the 
open ocean and sonic booms would only be propagated over ocean areas. 

Public Notice 

Thank you for providing contact information for the Windover Farms HOA. Because of concerns raised 
during the public meeting, the FAA will conduct an additional public review when an operator proposes 
to operate from TIX. No operator has been identified for TIX at this time. When a launch vehicle 
operator applies to the FAA to launch from TIX, the FAA will develop a separate EA and public review for 
that activity. The FAA generated a distribution list over the course of the TCAA Launch Site Operator 
License EA development. The FAA will add all commenters and public meeting attendees to the project 
distribution list and will use this list as an initial notification list for future environmental reviews once a 
launch operator proposes to operate from the site.  

Endangered Species 

The FAA consulted with the U.S. Fish and Wildlife Service as part of this project. Please refer to EA 
Section 4.3, Impacts to ESA-Listed Species and Impacts to Marine Mammals and Fish for a detailed 
discussion. 

Thank you for your comments. 
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Florida State Clearinghouse 

Response: 

Thank you for your comments. 
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